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NUCLEIC ACID FRAGMENT PRIMER OR PROBE, AND 
METHOD OF DETECTING POL YH YDROX YAL KANOATE SYNTHESIZING 
MICROORGANISM BY USING THE SAME 



5 BACKGROUND OF THE INVENTION 
Field of the invention 

The present invention relates to a nucleic acid 
fragment capable of hybridizing to a 

polyhydroxyalkanoate, (PHA) synthetase gene DNA derived 

10 from a microorganism, a method of detecting a PHA 

synthetase gene DNA derived from a microorganism or 
determining a base sequence of a PHA synthetase gene 
DNA by utilizing the nucleic acid fragment as a primer 
or probe, as well as a method of detecting or screening 

15 a microorganism having PHA synthesizing ability by 
means of the detection of the above described PHA 
synthetase gene DNA derived from a microorganism. 
Related Background Art 

There has been many reports about a microorganism 

20 having PHA synthesizing ability that produces poly-3- 
hydroxybutyric acid (PHB) or other PHAs and accumulate 
them intracellularly ( "Biodegradable Plastic Handbook" , 
edited by Biodegradable Plastic Research Society, 
N.T.S. Co. Ltd., p. 178-197). Such microorganisra- 

25 produced polymers such as PHA, like a conventional 
chemically synthesized plastics, can be utilized in 
producing various products by melt processing, etc. In 



addition, such microorganism-produced polymers such as 
PHA, have the advantage of being able to be completely 
degraded in nature by organisms, since they are 
biodegradable. Therefore, as opposed to numerous 
synthetic polymer compounds having been previously 
used, when scraped, they do not remain in natural 
environment and cause no environmental pollution. 
Furthermore, most microorganism-produced PHAs have an 
excellent biocompatibility and are expected to be 
applicable to medical soft members, etc. 

Such microorganism-produced PHAs have been 
reported to diversely vary in their compositions and 
structures depending on the class of microorganisms 
producing PHAs, and medium composition, incubation 
condition, etc., used during microorganism culture. To 
date, for the purpose of improving the properties of 
PHAs, a method of controlling the composition and 
structure of PHAs by utilizing the above described 
means have been investigated. 

For example, Alcaligenes eutropus H16 strain (ATCC 
No. 17699) and its mutants have been reported to 
produpe a copolymer of 3-hydroxybutyric acid (3HB) and 
3-hydroxyvaleric acid (3HV) having various composition 
ratio by varying carbon sources during culture 
(Japanese Patent Application Laid-open Nos. 6-15604, 7- 
14352, 8-19227, etc.) 

Japanese Patent No. 2642937 discloses that 



Pseudomonas oleovorans strain (ATCC No. 29347), In case 
where a no cyclic aliphatic hydrocarbons is given as a 
carbon source, produces PHAs having a monomer unit of 
3-hydroxyalkanonate with 6 to 12 carbon atoms. 
5 Japanese Patent Application Laid-Open No. 5-74492 

discloses the method comprising contacting a 
microorganism including Methylobacterium sp. , 
Paracoccus sp., Alcaligenes sp., and Pseudomonas sp. 
with a primary alcohol with 3 to 7 carbon atoms, 
10 thereby allowing them to produce a copolymer of 3HB and 
3HV. 

Japanese Patent Application Laid-Open No. 5-93049 
and 7-265065 disclose that Aeromonas caviae can be 
cultured by using oleic acid and olive oil as a carbon 

15 source to produce a two-component copolymer of 3HB and 
3-hydroxyhexanoic acid (3HHx). 

Japanese Patent Application Laid-Open No. 9-191893 
discloses that Comamonas acidovorans IF013852 strain 
can be cultured by using gluconic acid and 1,4- 

20 butanediol as a carbon source to produce a polyester 

having monomer units of 3HB and 4-hydroxybutyric acid. 

Furthermore, a certain microorganism has been 
reported to produce PHA into which various substituents 
such as, for example, unsaturated hydrocarbon, ester 

25 group, aryl group (aromatic ring group), cyano group, 
halogenated hydrocarbon, epoxide, etc. are introduced, 
and an attempt to improve the physical properties of 



microorganism- produced PHAs by means of such a 
technique is made. For example, it has been reported 
in Makromol. Chem. , 191, 1957-1965, 1990, 
Macromolecules , 24, 5256-5260, 1991, Chirality, 3, 492- 
494, 1991, etc., that Pseudomonas oleovorans produces 
PHAs comprising of as a monomer unit 3 -hydroxy- 5- 
phenyl valeric acid (3HPV), and variations in polymer 
properties probably due to the presence of 3HPV were 
observed. 

As described above, many microorganisms have been 
reported to produce poly-3-hydroxybutyric acid (PHB) or 
other PHAs and accumulate them intracellularly; 
however, the properties of microorganism-produced PHAs 
are highly attributable to the diversity of PHA 
synthesizing microorganisms. Thus, it becomes 
necessary to detect various PHA synthesizing 
microorganisms that show the diversity in PHA 
synthesizing ability, and to efficiently screen a 
strain that show the intended PHA synthesizing ability 
from a number of PHA synthesizing microorganisms 
detected above. 

In this case, several methods have been previously 
utilized as means for detecting or screening a PHA 
synthesizing microorganism. A variety of separation 
culture processes have been used as means for directly 
verifying PHA synthesizing ability. In general, 
selective culture using the special medium, for 



example, the medium supplemented only with the specific 
substrate, is frequently performed. Such selective 
culture processes have been intensively used because of 
their simplicity, but only a strain having the intended 
5 PHA synthesizing ability cannot always selected. Thus, 
as a method of examining the presence or absence of PHA 
synthesis in separation culture processes, for example, 
the method where PHA is stained with Sudan black B 
(Archives of Biotechnology, 71, 283, 1970), the method 

10 where the PHA accumulation is examined by a phase 
contrast microscope, etc. , have been employed. 
However, there is a possibility of the presence of 
other strains that are able to be stained with Sudan 
black B, in addition to a strain that shows PHA 

15 synthesizing ability, thus only stainability cannot be 
strictly regarded as a indicator. 

Accordingly, with regard to an individual strain 
selected by Sudan black B staining, further detailed 
examination of its morphological or biochemical 

20 appearance will be required. The detection and 
selection of the intended strain based on its 
morphological or biochemical appearance require a lot 
of skill and experience, and the technique itself 
comprises of complicated procedures, and is time- 

25 consuming. In this way, the selection of strains based 
on Sudan black B staining involves various practical 
problems. Similarly, with respect to the method where 
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PHA accumulation is examined by a phase contrast 
microscope, the determination of PHA accumulation 
require a lot of skill and experience, and the facts 
that the accuracy is insufficient and the technique is 
5 complicated are practically serious problem. 

As an alternative approach to the above method of 
determining PHA synthesis per se and detecting the 
presence or absence of PHA synthesizing ability, a 
method of detecting the presence or absence of a PHA 

10 synthetase gene involved in PHA synthesis may be 
conceivable. Thus, a method of detecting a base 
sequence of a nucleic acid specific to a PHA synthetase 
gene by utilizing a oligonucleotide primer or probe 
having a complementary base sequence thereof to select 

15 only a strain that have the PHA synthetase gene may be 
also conceivable. 

For a PHA synthetase gene, in several strains, 
their base sequences have been ascertained and reported 
(Peoples, 0. P. and Sinskey, J., J. Biol. Chem. , 264, 

20 15293 (1989); Huisman, G.W. et al . , J. Biol. Chem., 
266, 2191 (1991); Pieper, U. et al., FEMS Microbiol. 
Lett., 96, 73 (1992); Timm, A. and Steinbuchel, A., 
Eur. J. Biochem., 209, 15 (1992); Matsusaki, H. et al. , 
J. Bacterid., 180, 6459 (1998)). In addition, as an 

25 example of selecting a region with a high degree of 

conservation to design a oligonucleotide with reference 
to these known base sequences, the sequence reported by 
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Timm, A. and Steinbuchel , A., Eur. J. Biochem. , 209, 15 
(1992) can be shown. 

As described above, in order to efficiently detect 
a PHA synthesizing microorganism and screen a strain 
5 having the intended PHA synthesizing ability, it is 
necessary to know the presence, predominance and 
growing state of the microorganism in soil. In this 
case, a method of specifically detecting and 
determining a microorganism is required, but 

10 conventional means for detecting, such as the culture 
with selective medium by utilizing Sudan black 
staining, the determination of PHA synthesis by 
utilizing a phase contrast microscope, have practically 
many problems in terms of specificity, sensitivity, 

15 convenience, and time required for detecting and 

screening. Particularly, in order to determine with an 
adequate accuracy, a lot of skill and experience are 
required, thereby such techniques seemed to be not 
always suitable for means for efficiently detecting and 

20 screening a PHA synthesizing microorganism. 

On the other hand, a method of detecting the 
presence or absence of a PHA synthetase gene is 
expected to be powerful means with high accuracy. 
Although a probe or primer for the detection of a PHA 

25 synthetase gene is proposed, the selection of a probe 
or primer selective toward a PHA synthesizing 
microorganism and common to a wide range of PHA 
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synthesizing microorganisms still exists as the most 
difficult problem, since it is used as means for 
detecting and screening a targeted PHA synthesizing 
microorganism . 

5 

SUMMARY OF THE INVENTION 

The present invention can solve the above 
described problems and is intended to provide means for 
detecting the presence and predominance of a PHA 

10 synthesizing microorganism in a rapid, convenient and 
specific, as well as, highly sensitive way, i.e. a 
nucleic acid fragment that can be utilized as a probe 
or primer for the detection of a PHA synthetase gene, 
is highly selective toward a PHA synthesizing 

15 microorganism, and can be commonly used among a wide 

range of PHA synthesizing microorganisms, as well as a 
method of detecting and screening a PHA synthetase gene 
by utilizing the above described nucleic acid fragment 
as a probe or primer. In addition, the present 

20 invention is also intended to provide a method of 
detecting the above described PHA synthetase gene, 
followed by determining the base sequence of the PHA 
synthetase gene by using the above described nucleic 
acid fragment as a primer. 

25 In order to solve the above described problems, 

the present inventors have studied the selection of 
more suitable base sequence for probe or primer for the 



detection of a PHA synthetase gene, compared to 
previously proposed base sequences. The present 
inventors have also studied the selection of the base 
sequence that can be newly utilized as a probe or 
5 primer such that the detection of the PHA synthetase 
gene permits the presence of a PHA synthetase gene to 
be detectable among wider range of PHA synthesizing 
microorganisms in case of isolating a novel 
microorganism having PHA synthesizing ability from 

10 soil. As a result, it was found that, with regard to 

several kinds of base sequences selected, DNA fragments 
consisting of these base sequences or complementary 
base sequences thereof can hybridize to a PHA 
synthetase gene present in chromosomal DNA of a novel 

15 microorganism that shows PHA synthesizing ability with 
a high selectivity, and can be used as a probe in a 
variety of hybridization methods or as a primer in the 
collection of PCR polymerase chain reaction 
amplification products from. The present inventors 

20 have found that either of these techniques can be used 
to detect a PHA synthetase gene with much higher 
accuracy, thereby becoming an effective means for 
detecting a PHA synthesizing microorganism, and have 
completed the present study. 

25 Thus, the nucleic acid fragment of the present 

invention is a nucleic acid fragment , that is 
artificially prepared, having a base sequence that can 
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be utilized as a probe or primer in order to detect a 
novel microorganism having PHA synthesizing ability and 
a PHA synthetase gene which the microorganism 
possesses. In particular, the nucleic acid fragment of 
5 the present invention is a nucleic acid fragment 

selected from any of base sequences shown in SEQ ID NO: 
1 to 9, or complementary base sequences thereof, or 
modified sequences subjected to a mutation based on 
these base sequences. When used as a prove or primer, 

10 the nucleic acid fragment of the present invention 

should be in the form of the nucleic acid fragment that 
can be utilized as a primer or probe consisting the 
nucleic acid fragment having the above described 
specific base sequence, or the nucleic acid fragment 

15 consisting of partial sequence in the above base 
sequence . 

In addition, the nucleic acid fragment of the 
present invention may have a few mutation so far as its 
hybridization properties is maintained and the 

20 substantial homology of base sequence is kept, for 

example, can be a nucleic acid fragment with modified 
sequence subjected to a nonessential mutation based on 
base sequences shown in SEQ ID NO: 1 to 9 or 
complementary base sequences thereof, such as partial 

2 5 deletion of base sequence, addition of extra base or 
base sequence, or substitution of base in base or 
partial sequence with other base or base sequence, or 
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combination thereof. 

The primer of the present invention is a primer 
comprising a nucleic acid fragment that can be utilized 
as a primer consisting of the above described base 
5 sequence, into which a marker bound onto the molecule 
of the above described nucleic acid fragment, and/or a 
moiety capable of binding to a solid-phase carrier may 
be introduced as an additional modification. 
Similarly, the probe of the present invention is a 

10 probe comprising a nucleic acid fragment that can be 
utilized as a probe consisting of the above described 
base sequence, into which a marker bound onto the 
molecule of the above described nucleic acid fragment, 
and/or a moiety capable of binding to a solid-phase 

15 carrier may be introduced as an additional 
modification . 

The primer of the present invention can be 
utilized as, for example, a primer pair in PCR 
amplification, and, in this case, should be a primer 

20 consisting of the combination of two kinds of nucleic 
acid fragments with a substantial difference in base 
sequence, where at least one of the above described two 
kinds of nucleic acid fragments is the nucleic acid 
fragment for primer of the present invention, and 

25 a marker on the molecule, and/or a moiety capable 

of binding to a solid-phase carrier may be introduced 
into each molecule of two kinds of nucleic acid 
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fragments . 

The primer of the present invention can be 
utilized not only as the above described primer pair in 
PCR amplification, but, for example, as a primer for 
5 the preparation of cDNA corresponding to mRNA, and in 

any uses, the nucleic acid fragment for primer with the 
above described modified base sequence can be also 
utilized. In case of utilizing the nucleic acid 
fragment for primer with the modified base sequence, 

10 the primer may be used characterized in that the above 
described base sequence of the nucleic acid fragment 
for primer of the present invention to be used is the 
modified base sequence subjected to a mutation, such as 
partial deletion of base sequence, addition of extra 

15 base or base sequence, or substitution of base or 

partial sequence in base sequence with other base or 
base sequence, or combination thereof, based on base 
sequences shown in SEQ ID NO: 1 to 9 or complementary 
base sequences thereof. 

20 The primer or probe of the present invention may 

be subjected to an additional modification, as 
mentioned above. Therefore, in this case, the primer 
or probe characterized in that it comprises at least 
one kind of nucleic acid fragment subjected to an 

25 additional modification, and the additional 

modification in the above described one kind of nucleic 
acid fragment is the introduction of a marker, or 
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moiety capable of binding to a solid-state carrier into 
the side of 5' -terminal of the nucleic acid fragment 
may be used. 

For example, the primer or probe is preferably 
5 used characterized in that , as an additional 

modification, the marker or moiety capable of bounding 
onto a solid-state carrier that is introduced into the 
molecule is any of biotin residue, 2 , 4-dinitrophenyl 
group, digoxigenin residue. 

10 Furthermore, the method for detecting a PHA 

synthesizing microorganism of the present invention may 
be the method of detecting a PHA synthesizing 
microorganism characterized in that at least one kind 
of nucleic acid fragment according to the present 

15 invention that is any of the nucleic acid fragment with 
the above described base sequence of the present 
invention, the morphology of a nucleic acid fragment 
that can be utilized as a primer or probe, or the 
nucleic acid fragment with the modified sequence 

20 subjected to a mutation, such as partial deletion of 

base sequence, addition of extra base or base sequence, 
or substitution of base or partial sequence in base 
sequence with other base or base sequence, or 
combination thereof, is used as a probe. 

25 Alternatively, the method for detecting a PHA 

synthesizing microorganism of the present invention may 
be the method of detecting a PHA synthesizing 
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microorganism characterized in that at least one kind 
of nucleic acid fragment according to the present 
invention that is any of the nucleic acid fragment with 
the above described base sequence of the present 
5 invention, the morphology of a nucleic acid fragment 
that can be utilized as a primer or probe, or the 
nucleic acid fragment with the modified sequence 
subjected to a mutation, such as partial deletion of 
base sequence, addition of extra base or base sequence, 

10 or substitution of base or partial sequence in base 
sequence with other base or base sequence, or 
combination thereof, is used as a primer. 

For example, the method for detecting a PHA 
synthesizing microorganism of the present invention is 

15 characterized in that the method uses the above 
described primer of the present invention, and 
comprises the following four steps: 

( 1 ) preparing a sample in which the presence or 
absence of a PHA synthesizing microorganism is to be 

20 detected, 

(2) performing a lysis treatment of cells in the 
sample, if necessary, 

(3) a step for adding the above described primer 
to the sample and performing elongation reaction of the 

25 primer, and 

(4) a step for performing a detecting operation of 
elongation reaction products obtained from step (3), or 
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the above described steps (1), (3), and (4), as 
well as step (2), if necessary. Notably, it is more 
preferred to perform a method of detecting a PHA 
synthesizing microorganism characterized in that a 
5 primer consisting of combination of the above described 
two kinds of nucleic acid fragments is used. Thus, it 
is much preferred to perform a method of detecting a 
PHA synthesizing microorganism characterized in that 
the elongation reaction of primer in step (3) is 

10 conducted by polymerase chain reaction. 

The nucleic acid fragment of the present invention 
comprises base sequences shown in SEQ ID NO: 1 to 9 or 
complementary base sequences thereof, or partial base 
sequences thereof based on these sequences , and the 

15 nucleic acid fragment having these specific base 
sequences can be utilized as a primer or probe to 
specifically detect a PHA synthesizing microorganism. 
In addition, the method of detecting a PHA synthesizing 
microorganism with use of the primer or probe of the 

20 present invention will be an excellent detection method 
in terms of its detection sensitivity, specificity, 
simplicity of procedures and rapidity. Such a high 
degree of efficiency in the detection of a PHA 
synthesizing microorganism will contribute greatly to 

25 the development of PHAs produced by utilizing a PHA 

synthesizing microorganism, for example, the research 
and development in the field of biodegradable plastic. 



- 16 - 



etc . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Nucleic acid fragments of the present invention 
5 retain substantially base sequences designated as SEQ 

ID NOs: 1 to 9 or the complementary base sequences, and 
have characteristics capable of hybridizing in high 
selectivity with genes of a PHA synthesizing enzyme 
present in the chromosome DNA for different 

10 microorganisms showing PHA synthesizing ability. Any 
of the base sequences designated as SEQ ID NOs : 1 to 9 
are composed of about 25 bases, namely 23 to 27 bases 
for the sequence length. The nucleic acid fragments of 
the present invention selectively hybridize with any 

15 strand of double -stranded DNA of the gene of the PHA 

synthesizing enzyme as the single- stranded DNA molecule 
retaining substantially these base sequences or their 
complementary base sequences . 

The followings will be described more specifically 

20 for nucleic acid fragments of the present invention, 
their using form as probes or primers and detection 
methods of PHA synthesizing microorganisms using them 
as the probes or primers . 

<Nucleic acid fragment s> 

25 As described above, nucleic acid fragments of the 

present invention are nucleic acid having base 
sequences designated as SEQ ID NOs : 1 to 9 or their 
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complementary base sequences, or nucleic acid fragments 
having substantially the base sequences selected from 
any of modified sequences where variation has been 
performed based on these base sequences . In other 
5 words, the nucleic acid fragments of the present 

invention are single-stranded nucleic acid fragments 
set as the length of 10 to 50 bases for the sequence 
length according to their use when using them as 
primers or probes. 

10 Thus, when utilizing them as the primers, any of 

the base sequences designated as SEQ ID NOs : 1 to 9 are 
composed of about 25 bases, namely 23 to 27 bases for 
the sequence length, however, they may be set, for 
example, as the nucleic acid fragments of 10 bases in 

15 the minimum overall length or as the nucleic acid 

fragments of 10 bases in the minimum overall length 
having the complementary base sequences , selecting 
their partial base sequences. On the other hand, when 
using them as the probes, for example, they may be set 

20 as the nucleic acid fragments of 50 bases in the 
maximum overall length coupling additional base 
sequences with the base sequences composed of about 25 
bases or as the nucleic acid fragments of 50 bases in 
the maximum overall length coupling additional base 

25 sequences with the complementary base sequences 

composed of about 25 bases. Herein, for the nucleic 
acid fragments of the present invention, when using 
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only the partial base sequences based on the base 
sequences designated as SEQ ID NOs : 1 to 9 or their 
complementary base sequences, it is preferable to 
select the portion where even only the partial base 
sequences are specific to PHA synthesizing 
microorganisms and less homologous to other bacteria. 

Or they may have addition, insertion and deletion 
substituting partial base sequences within the range of 
retaining hybridization ability substantially against 
the genes of the PHA synthesizing enzymes based on the 
base sequences designated as SEQ ID NOs: 1 to 9 or 
their complementary base sequences. For example, when 
utilizing the nucleic acid fragments of the present 
invention as primers used for PCR reaction, they can be 
manipulated with variation such as substitution of the 
bases and removal of the terminal sequences has been 
performed within the range of retaining hybridization 
ability against the genes of the PHA synthesizing 
enzymes so as not to cause hybridization between the 
primers each other. In addition, when double- stranded 
DNA was formed by the PCR reaction, they can be treated 
with base sequences to perform manipulations such as 
addition, insertion and the like so as to contain 
breakage sequences by restriction enzymes in the parts 
originated in the nucleic acid fragments of the present 
invention. Or when being generally used as the mixed 
primers, substitution of bases can be performed 
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according to the range of codon degeneracy in the range 
of coincidence with amino acid sequences coded in the 
base sequences to prepare a mixture of plural types 
having the analogous base sequences each other. 
5 Herein, modification or addition/insertion of the 

aforementioned base sequences accompanying the 
modification may be selected so as not to induce high 
hybridization ability with genes other than those of 
the objective PHA synthesizing enzymes. For example, 

10 for microorganisms retaining genes of the PHA 

synthesizing enzymes, they may be selected so as not to 
become modification possibly to damage selectivity like 
introduction of base sequences inducing high 
hybridization ability with genes of other enzyme 

15 proteins associated with metabolic reactions of 

alkanoic acids . Further , for the microorganisms which 
have metabolic ability of alkanoic acids although the 
genes of the PHA synthesizing enzymes themselves are 
not retained, they may be selected so as not to become 

20 variation of the base sequences possibly to damage 

selectivity by introduction of base sequences inducing 
high hybridization ability with genes of other enzyme 
proteins associated with metabolic reactions of 
alkanoic acids . 

25 The nucleic acid fragments of the present 

invention, as described above, are the base sequences 
where, for example, deletion, substitution, addition. 
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etc. of the partial bases or base sequences have been 
performed and can be prepared as nucleic acid fragments 
having the length of 10-50 bases according to the use 
mode and objects as probes or primers. Particularly, 
5 in the case of utilizing the nucleic acid fragments as 
the primers, the elongation reaction of primers is 
performed using the genes of the PHA synthesizing 
enzymes as a template, herein it is usually preferable 
either to avoid variation near the 3' -terminal which 

10 has probably significant effect on the elongation 

reaction or to minimize the base number to be varied 
even if variation occurs near the 3 '-terminal. 
Accordingly, when introducing the variation such as 
additional base sequences not having action of 

15 complementing or promoting the intrinsic hybridization 
ability, it is more suitable to be varied near the 5'- 
terminal . 

In addition, for the primers or probes using the 
nucleic acid fragments of the present invention, the 

20 nucleic acid fragments may be the ones composed of the 
length of the above described 10 to 50 bases and 
modified by introducing regions capable of coupling 
with a marker and/or the solid-phase carrier on the DNA 
molecule. As described below, regions capable of 

25 coupling with this marker and/or the solid-phase 

carrier has the role of detection or fixation of the 
double- stranded DNA fragments or hybridized DNA 
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complexes using regions capable of coupling with the 
concerned marker and/ or the solid-phase carrier. This 
additional modification is not particularly limited to 
the introduced regions as long as it does not damage 
the hybridization ability of the primers or probes by 
use of the nucleic acid fragments of the present 
invention to the genes of PHA synthesizing enzymes. 

According to such requirement, the primers with 
regions capable of coupling with the marker or the 
solid-phase carrier introduced perform the detection of 
PHA synthesizing microorganisms by carrying out, for 
example, elongation reaction of 3' -terminal using the 
genes of the PHA synthesizing enzymes as a template 
utilizing these primers. Specifically, while the 
position at which regions capable of coupling with the 
marker or the solid-phase carrier can be introduced may 
be anywhere as long as the elongation reaction of the 
primers is not interfered, the introduction to the 5'- 
terminal is preferable if possible. Further, when 
performing the detection using the probes, the 
elongation reaction to the 3* -terminal of the probes is 
not commonly employed. Accordingly, for the position 
of the probes at which regions capable of coupling with 
the marker or the solid- phase carrier can be 
introduced, hydroxyl group portions at the 3'- and 5'- 
terminals, further the base portion, the phosphodiester 
portion and the like can be also employed. In 
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addition, it is desirable to introduce to the position 
where hybridization is not interfered considering the 
base sequence of the probe itself and its length. For 
example, it is also desirable to employ the additional 
base sequence portion except for the portions of the 
base sequences designated as SEQ ID NOs : 1 to 9 or 
their complementary base sequences, mainly associated 
with hybridization in the whole base sequences of the 
probe as the position for introduction. 

Nucleic acid fragments of the present invention 
are set as the single- stranded DNA when used since they 
are primarily utilized as the primers or probes, while 
when preparing, they may be the form of double strand 
DNA where the single strand DNAs having complementary 
base sequences each other are coupled. These nucleic 
acid fragments or their partial base sequences of the 
present invention can be prepared in fit forms by 
optional methods. The whole or a part of base 
sequences may be chemically synthesized according to 
the base sequences of the nucleic acid fragments, for 
example, according to the methods of the examples 
described later. Optionally, it is also possible to 
use the amplified fragments themselves or their partial 
fragments cut off from the amplified fragments as 
probes after amplifying by the PCR method using 
chemically synthesized primers. Further it is also 
possible to prepare by cutting off directly the 
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specified region of the genes of PHA synthesizing 
microorganisms detected once by the nucleic acid 
fragments of the present invention using the 
restriction enzymes and the like. Furthermore, it is 
5 also possible to perform cloning of these genes with 
the plasmids such as E. coli followed by growing the 
bacteria and collecting them to cut off the specified 
region to be used. 

<Region Capable of Coupling with Labeling Material 

10 and Solid-Phase Carrier> 

When using the above described nucleic acid 
fragments as the probes or primers, either radioactive 
or nonradioactive materials may be used as the above 
described markers. When using a radioactive material, 

15 e.g. the one containing the radioactive isotope in the 
phosphate portion is appropriate. The nonradioactive 
marker includes fluorescent materials such as 
fluorescein derivatives, rhodamine and its derivatives, 
chemolumine scent materials and delayed fluorescent 

20 materials. Further, it is also possible to detect the 
markers indirectly using the substances which couple 
specifically with the markers. Such indirectly 
detectable markers include biotin and hapten. For 
example, avidin or streptoavidin is used for biotin, 

25 while for hapten, the antibody coupling specifically 
with that is used for detection. As the hapten to be 
used for labeling, the compounds having the 2, 4- 
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dinitrophenyl group, digoxigenln and the like can be 
used. Each of such markers can be also introduced into 
the probes or primers combining single or multiple 
types if necessary. 
5 The region capable of coupling with the solid- 

phase carrier is used e.g. when coupling the specific 
fragment of nucleic acid with the solid-phase carrier 
specifically such as sandwich hybridization. Herein, 
any region may be used as long as they can couple 

10 selectively with the concerned solid-phase carrier. 
For example, there are biotin or hapten such as 
fluorescein, compounds having the 2, 4 -dinitrophenyl 
group and digoxigenin. Each of them can be introduced 
into the probes or primers using single types or 

15 combining multiple types if necessary according to the 
type of the solid-phase carrier. In addition, the 
additional modification performed on the nucleic acid 
fragments, primers or probes of the present invention 
by introducing the region capable of coupling with the 

20 markers and/or solid-phase carrier is not limited to 
the above described examples . 

The detection method for PHA synthesizing 
microorganisms of the present invention is the method 
utilizing the primers or probes composed of the above 

25 described nucleic acid fragments of the present 
invention . 

<Detection Method Using Probes > 
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The detection method for PHA synthesizing 
microorganisms of the present invention using the 
probes is characterized by use of at least one type of 
the probes of the present invention composed of the 
5 nucleic acid fragments into which the region capable of 
coupling with the marker and/or the solid-phase carrier 
may be introduced wherein the nucleic acid fragments 
have the above described base sequences. Generally, as 
the detection method using the probes, there are forms 

10 of dot hybridization, southern hybridization and in 

situ hybridization where hybridization can be performed 
according to the conventional method using the nucleic 
acid fragments where the above described labeling has 
been performed. Also in situ hybridization, the 

15 nucleic acid fragments of the present invention can be 
provided for detection. 

Further, the procedure based on the sandwich 
hybridization has been developed in order to simplify 
the handling of hybridization so that the detection of 

20 PHA synthesizing microorganisms can be performed by 
applying this procedure using the nucleic acid 
fragments of the present invention for the fixed probes 
and the like. 

In most cases, the detection is carried out by 

25 hybridization with the genes of PHA synthesizing 

enzymes, however, the detection may be performed by the 
hybridization with the mRNA transcribed from the genes 
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of PHA synthesizing enzymes or with its cDNA. 
<Detection Method Using Primers > 
The detection method for PHA synthesizing 
microorganisms according to the present invention using 
the primer is the one characterized using at least one 
type of the primers of the present invention composed 
of the nucleic acid fragments into which the region 
capable of coupling with the markers and/ or the solid- 
phase carrier may be introduced wherein the nucleic 
acid fragments has the above described base sequences. 
A more preferable example is the detection method 
applying the PCR (Polymerase Chain Reaction) method 
where a very small amount of nucleic acid fragments in 
the sample are amplified by a gene -amplifying reaction 
utilizing two different types of primers to be 
described later. Herein, when using two types of 
primers, the primer forms include e.g. the one where 
both two types of primers are not modified at all, the 
one where the region capable of coupling with the 
detectable label or the solid-phase carrier is 
introduced into at least one of the two types of 
primers, the one where the marker is introduced into 
one of the two types of primers and a region capable of 
coupling with the solid-phase carrier is introduced 
into the another type and the one where the regions 
capable of coupling with the solid-phase carrier are 
introduced into both two types of primers. 



The detection method for PHA synthesizing 
microorganisms according to the present invention can 
be performed as follows using at least one type of the 
primers of the present invention as described above, 
preferably using a pair of the primers composed of 
combination of two types of primers: 

(1) a step of preparing the sample in which the 
presence or absence of a PHA synthesizing microorganism 
is to be detected, 

(2) a step of performing a lysis treatment of cell 
in the sample if necessary, 

(3) a step of adding the above described primer to 
the sample and performing the elongation reaction of 
the primer, 

(4) a step of performing a detecting operation of 
the elongation reaction obtained from the step ( 3 ) , or 
the method is performed by a series of the steps 
including the above described processes, (1), (3), (4) 
and further (2) if necessary. 

In other words, this method is performed to detect 
whether there are base sequences complementary to the 
primers of the present invention from many kinds of 
nucleic acid fragments, DNA genes and the like 
contained in the samples using them as its template and 
detecting generation of products from the elongation 
reaction of the primer. Herein, application of the PCR 
method to the elongation reaction of the primers enable 
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selective amplification of the reaction products to 
attain higher sensitivity of detection. In addition, 
the molecular weight (base length) of the amplified 
products becomes a specific amount leading easier 
5 detection . 

For detection of the nucleic acid fragments 
amplified by the elongation reaction of the primers in 
the process (4), commonly used methods such as 
electrophoresis and hybridization may be used. Further 

10 for genetic amplification reaction, it is possible to 

use the methods such as ones where different labels are 
introduced into each primer and after amplification 
reaction, the reaction products are adsorbed on the 
solid-phase carrier to be detected selectively. 

15 The above described solid-phase carrier includes 

those where streptoavidin , antibody or the like capable 
of capturing the coupling region introduced into the 
primers are introduced into solid-phase carriers such 
as polystyrene balls, agarose beads, polyacryl beads, 

20 latex, and microtiter well. For example, the carrier 
with streptoavidin coupled with the solid-phase may be 
used for capturing the PCR products from the primer 
with biotin introduced, while the carrier with the 
antibody to fluorescein and the like coupled with the 

25 solid-phase may be used for capturing the products of 
elongation reaction from the primers with fluorescein 
and the like introduced. Further, making fine-grains 
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of the solid-phase carrier enables simple judgement 
through judging whether there is aggregation of the 
nucleic acid fragments of the objective reaction 
products or formation of precipitation. 
5 Further, the following procedure has been 

invented: the elongation reaction is performed using 
two types of primers where the region capable of 
coupling with the solid-state carrier is introduced 
into one of the primers , while the marker is introduced 

10 into another primer, then the products of the 

elongation reaction are made to contact with the solid- 
phase carrier and the impurities which do not couple 
with the solid-phase carrier are washed to be removed 
with appropriate solvents. By use of this procedure, 

15 the objective nucleic acid fragments having the region 
capable of coupling with the solid-phase carrier are 
fixed on the concerned solid-phase carrier in the form 
which has the marker to be detected more specifically. 
For practical detection of the marker of the nucleic 

20 acid fragments fixed on these solid-phase carrier, 

conventional procedures may be used according to the 
used markers. For example, when the marker is a 
radioisotope, the radioactivity may be measured 
directly. When it is biotin or hapten, avidin- enzyme 

25 combination or antibody- enzyme combination, 

respectively, may be used to react with the substrate 
such as AMPPD to the enzymes of the above described 
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combination to detect the amount of enzymes (enzymatic 
activity) through coloring or fluorescent measures. 

Further, for elongation reaction of the primers, 
e.g. for enzymes, reaction condition and so on to be 
5 used for genetic PCR amplification reaction, the 

various procedures have been invented. The nucleic 
acid fragments of the present invention based on the 
base sequences designated as SEQ ID NOs : 1 to 9 have 
adequate length and base sequences to be used as the 

10 primers for any of those different PCR methods . 

Accordingly, when any of different PCR methods are 
applied, detection of PHA synthesizing microorganisms 
can be carried out using the nucleic acid fragments of 
the present invention performing additional 

15 modification, regulation of the base length, 

introduction of variation as described above and so on 
if necessary. 

The nucleic acid fragments of the present 
invention has the portion for choices of plural types 

20 of bases at one or plural positions in the base 

sequences designated as SEQ ID NOs : 1 to 9 which is the 
basis of the nucleic acid fragments of the present 
invention. Accordingly, the base sequences designated 
as SEQ ID NOs: 1 to 9 compose a group of base sequences 

25 having homology each other by combination of the above 
described choices. The nucleic acid fragments of the 
present invention have the above described base 
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sequences selected from a group of base sequences 
having homology each other. When using as the primers 
or probe, one type of nucleic acid fragment having the 
base sequence selected from a group having any homology 
5 designated as SEQ ID NOs : 1 to 9 may be used. 

Alternatively, a mixture of plural nucleic acid 
fragments having homology each other selected from a 
group having individual homology may be used. Further, 
the mixture so called mix primer, that is the one 

10 containing all base sequences which compose a group 
having homology may be also used. That is, in the 
present invention, the nucleic acid fragments having 
the base sequences designated as SEQ ID NOs: 1 to 9 
include, as described above, all of those of single 

15 type, the mixture of plural types having homology each 
other, and further the whole group which has the base 
sequences having homology each other composed of 
combination of the choices . 
Examples 

20 The present invention will be more specifically 

described through examples as follows. Herein, while 
the following examples described are each of the best 
embodiments of the present invention, the technical 
scope of the present invention is not limited to these 
2 5 examples . 

(Example 1) Evaluation of Primer Specif icity-1 
The primers of the present invention were proved 
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to show the specificity capable of detecting the PHA 
synthesizing microorganisms. The example will be shown 
where detection of partial base sequences of the 
objective PHA synthesizing enzyme genes using genetic 
DNAs of PHA synthesizing microorganisms as templates by 
the PCR method utilizing the primers of the present 
invention . 

Using objective 6 bacteria in total which are the 
known 2 strains; E. coli JM109 and Jl (FERM BP -5352) 
not having the PHA synthesizing ability and 4 strains; 
P. cichorii YN2 (FERM BP-7375), P. cichorii H45 (FERM 
BP-7374), P. putida P91 (FERM BP-7373) and P. jessenii 
P161 (FERM BP-7376) having the PHA synthesizing 
ability, their specificity on detection of the PHA 
synthesizing microorganisms was verified. Namely, for 
each of six bacteria, the DNA samples were prepared 
from each different bacterium using the conventional 
method to evaluate the specificity of primers by the 
PCR method. 

In this example, PCR-amplif led products were 
obtained using 7 mix primers having the base sequences 
designated as SEQ ID NOs: 1 to 4 and 6 to 8 which are 
prepared based on the base sequences designated as SEQ 
ID NOs: 1 to 9, and 2 mix primers having the 
complementary base sequences in SEQ ID NOs : 5 and 9 . 
Specifically, the following 7 forward-primers 
(Amersham-Pharmacia-Biotec Co., Ltd.); 
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(SEQ ID NO: 1) : 
5 1 -GCCTCKGAAAACACCYTGGGSCT-3 ' 

(SEQ ID NO: 2) : 
5 ' -TGACCGARGCCHTSGCSCCGACC-3 ' 

(SEQ ID NO: 3) : 
5 ' -AGCCTGGCGCGSTTCTGCCTGCGC-3 ' 

(SEQ ID NO: 4) : 
5 ' -GGCGAEAASAAGGTCAAXGCCXTSACC-3 ' 

(SEQ ID NO: 6) : 
5 ' -TGCAGGCCTAY.CTGRSCTGGCAGAA-3 ' 

( SEQ ID NO : 7 ) : 
5 ' -CCAGTACEXSCTSAAEAAYGGCCTGC-3 * 

( SEQ ID NO : 8 ) : 
5 * -CTGGACTTCTTCAAGCHCAACCCG-3 ' 

and also the following 2 reverse-primers ( Amersham- 
Pharmacia-Biotec Co., Ltd.) which were entrusted in 
their syntheses were used; 

(complementary strand of SEQ ID NO: 5) 
5 ' -CAGCCACCAGGAETCGGXRTGCTTG-3 ' 

(complementary strand of SEQ ID NO: 9) 
5 1 -ATGCTCTGSAZRTGYCCGCTGTTGG-3 1 

(wherein K = G or T, Y = C or T, S = G or C, R = A or 
G, W = A or T, B=T, GorC, and V = A, G or C) . 

As the combination of primers for PCR, combination 
of 7 types in total was set; the combination of 4 
primers where 4 forward- primers having the base 
sequences designated as the above described SEQ ID NOs: 
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1 to 4 are combined with the reverse-primers having the 
complementary strand base sequences designated as the 
SEQ ID NO: 5, and the combination of 3 primers where 3 
forward- primers having the base sequences designated as 

5 the above described SEQ ID NOs : 6 to 8 are combined 
with the reverse -primers having the complementary 
strand base sequences designated as the SEQ ID NO: 9. 

The PCR was performed using the commercially 
available enzyme system, the kit of AmpliTaq DNA 

10 polymerase (Takara Shuzo Co., Ltd.) in the following 
composition of reaction solution and the condition. 

The overall amount of the reaction solution was 
adjusted to 50 pi by adding 1 ul each of the above 
described two primers having concentration of 50 

15 pmol/pl, 5 pi of the reaction buffer attached to the 

enzyme, 5 pi of the dNTP -mixed solution attached to the 
enzyme, 10 ng of the DNA sample and further water. One 
unit of AmpliTaq DNA polymerase (Takara Shuzo Co., 
Ltd.) was added to this solution. 

20 After the reaction solution was heated at 95° C and 

maintained for 5 min, the reaction condition was set as 
one cycle of being at 95° C for 20 sec, at 60° C for 30 
sec and 72° C for 60 sec, and the reaction of 15 cycles 
was performed under this condition. Further, the 

25 reaction condition was set as one cycle of being at 
95° C for 20 sec, at 55° C for 30 sec and 72° C for 60 
sec, and the reaction of 20 cycles was performed under 
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this condition, then the solution was further kept at 
72° C for 5 min. After completion of the reaction, 2 ul 
was separately taken from 50 ul of the reaction 
solution, and the agarose gel electrophoresis and the 
ethidium bromide staining were performed to detect 
nucleic acid strands of the amplified products. 

As a result, for the known 2 strains; E. coli 
JM109 and Jl (FERM BP- 5352) not having the PHA 
synthesizing ability, no amplified products were 
detected at all. On the other hand, only for the PHA 
synthesizing microorganisms, one clear band was 
observed in any 7 types of PHA synthesizing 
microorganisms combined with the above described 
primers for the PCR as each amplified product. Herein, 
for the above described all 4 PHA synthesizing 
microorganisms, the fragment lengths of the PCR 
amplified products obtained from each of 7 types 
combined with the PCR primers correspond each other, 
which were shown in the following Table 1. In other 
words, since combination of 7 primers in total 
amplified the corresponding partial base sequences to 
each other from the PHA synthesizing enzyme genes 
originated in each of 4 PHA synthesizing 
microorganisms, the PCR-amplif ied products had almost 
the same base pair. From the above results, it was 
confirmed that any of 9 primers used in this example 
showed specificity applicable for detection of the PHA 
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synthesizing microorganisms. 
Table 1 



Base Sequence 
of Forward- 
Primer 


Base Sequence of 
Reverse -Primer 


PCR -Amplified 
Fragment Length 


SEQ ID NO: 1 


complementary strand 
of SEQ ID NO: 5 


about 1 . 5 kbp 


SEQ ID NO: 2 


complementary strand 
of SEQ ID NO: 5 


about 1 . 2 kbp 


SEQ ID NO: 3 


complementary strand 
Of SEQ ID NO: 5 


about 0.85 kbp 


SEQ ID NO: 4 


complementary strand 
Of SEQ ID NO: 5 


about 0 . 6 kbp 


SEQ ID NO: 6 


complementary strand 
Of SEQ ID NO: 9 


about 1.2 kbp 


SEQ ID NO: 7 


complementary strand 
of SEQ ID NO: 9 


about 0.75 kbp 


SEQ ID NO: 8 


complementary strand 
of SEQ ID NO: 9 


about 0.2 kbp 



15 (Example 2) Preparation of Primer 

As an example of nucleic acid fragments of the 
present invention, for a primer in which a region 
capable of coupling with a marker or a solid-phase 
carrier is introduced and for a primer in which a 

20 region capable of coupling with a marker or a solid- 
phase carrier is not introduced, each of them was 
prepared by a chemical synthetic method. 

First, the nucleic acid fragments without 
introduction of the region capable of coupling with 

25 either the marker or the solid-phase carrier were 

synthesized as single strand DNA by the Phosphoamidite 
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method in a 0.2 umol scale using the automatic DNA 
synthesizer model 381A ( Perkin- Elmer ) . The objective 
nucleic acid fragments were purified through OPC 
cartridge (Perkin -Elmer) to remove the mixture such as 
5 the raw material. 

Further, as an example of the primer in which the 
region capable of coupling with the marker or the 
solid-phase carrier is introduced, the primer in which 
the region capable of coupling the marker or the solid- 

10 phase carrier was added to the 5' -terminal of the base 
sequence was prepared. The oligonucleotide with an 
amino group introduced at the 5' -terminal was 
chemically synthesized as an intermediate material 
beforehand, then the region capable of coupling with 

15 the marker or the solid-phase carrier was introduced by 
use of the amino group at the 5' -terminal using 
appropriate agents. For example, an example of 
biotinylation and an example of adding a 2, 4- 
dinitrophenyl group will be described as follows. 

20 Synthesis of Primer Biotinylated at 5' -Terminal 

Oligonucleotide introduced with an amino group at 
the 5' -terminal (SEQ ID NO: 10): 

5 ' -GCCTCGGAAAACACCTTGGGGCT- 3 ' 

After adding the final base (this case is C) by 
25 the synthetic reaction using the above described 

Phosphoamidite method, G having an amino group at the 
5 '-terminal was added by further adding Amino Link II 
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(Perkin-Elmer) to synthesize the above Formula 1. 
After completion of the synthesis, the oligonucleotide 
with the amino group introduced at the 5' -terminal of 
the intermediate material was purified similarly 
through the OPC cartridge. 

In addition, according to the aforementioned 
procedure, 6 oligonucleotides with the amino group 
introduced at the 5' -terminal, as described below, were 
prepared as intermediate materials, and 7 
oligonucleotides in total introduced with the amino 
group at the 5" -terminal were obtained as intermediate 
materials . 

Oligonucleotide with an amino group introduced at 
the 5' -terminal (SEQ ID NO: 11): 

5 ' -TGACCGAAGCCATGGCGCCGACC-3 ' 

Oligonucleotide with an amino group introduced at 
the 5' -terminal (SEQ ID NO: 12): 

5 * - AGCCTGGCGCGGTTCTGCCTGCGC - 3 * 

Oligonucleotide with an amino group introduced at 
the 5* -terminal (SEQ ID NO: 13): 

5 * -GGCGAAAACAAGGTCAACGCCCTGACC-3 ' 

Oligonucleotide with an amino group introduced at 
the 5' -terminal (SEQ ID NO: 14): 

5 ' -TGCAGGCCTACCTGAGCTGGCAGAA-3 * 

Oligonucleotide with an amino group introduced at 
the 5* -terminal (SEQ ID NO: 15): 

5 ' - CCAGTACGCGCTGAAGAACGGCCTGC- 3 ' 
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Oligonucleotide with an amino group introduced at 
the 5' -terminal (SEQ ID NO: 16): 

5 ' - CTGGACTTCTTC AAGC AC AACCCG - 3 ' 

Subsequently, biotinylation to the 5 '-terminal was 
carried out as follows. 10 ul of 1M NaHC0 3 aqueous 
solution, 30 ul of water and 50 ul of DMF solution of 
20 ug/ul biotinyl-N-hydroxysuccinimido ester (BRL) as a 
biotinylation agent were added to 10 ul of 10. D. 
aminated oligonucleotide aqueous solution, mixed and 
allowed to stand at room temperature. After 4 hr, gel 
filtration was performed with Sephadex G-50 as the 
carrier, eluted with 50 mM TEAB ( triethyl ammonium 
hydrogen carbonate) buffer (pH 7.5) and the first peak 
was collected. After drying this eluate to solid, it 
was dissolved in the TE buffer (pH 8.0). The following 
6 types were prepared by biotinylation of the 
intermediate materials that are oligonucleotides with 
an amino group introduced at the 5' -terminal. 

Synthesis of Primer Introduced with Dinitrophenyl 
Group (DNP) at 5 '-Terminal 

Introduction of a dinitrophenyl group (DNP) at the 
5' -terminal was carried out using oligonucleotide with 
an amino group introduced at the 5* -terminal as the 
intermediate material similarly to biotin- labeling. 2 
types of oligonucleotides with the amino group 
introduced at each 5" -terminal which are (complementary 
strand of SEQ ID NO: 17): 
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5 ' -CAGCCACCAGGAGTCGGCGTGCTTG-3 ' 
and (complementary strand of SEQ ID NO: 18) 
5 ' -ATGCTCTGGACATGCCCGCTGTTGG-3 * 

The above compounds were synthesized similarly to 
the above described biotin- labeling and then purified. 
To the 180 ul of the purified 2 O.D. aminated 
oligonucleotide aqueous solution, 20 ul of 1M NaHC0 3 
aqueous solution was added, then 100 ul of the reagent 
which is ethanol solution of 5% (v/v) 
dinitrof luorobenzene was added and the reaction was 
carried out by heating at 37° C for 2 hr. Similarly to 
biotinylated oligonucleotide, purification after the 
reaction, was performed through gel filtration, dried 
to solid and dissolved in the TE buffer (pH 8.0). 
(Example 3) Preparation of Probe 

As an example of the nucleic acid fragments of the 
present invention, the probe with the region capable of 
coupling with the marker or the solid-phase carrier 
introduced was prepared by the chemical synthetic 
method. 

Oligonucleotide with biotin-label introduced at 
the 3' -terminal (SEQ ID NO: 13): 

5 ' -GGCGAAAACAAGGTCAACGCCCTGACC-Biot in- 3 ' 
was prepared as follows. The oligonucleotide having a 
specific base sequence was synthesized by the 
phosphoamidite method using 3 ' -Biotin-ONCPG column 
(CLONTECH) where the 3 * -terminal was biotin- labeled 
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beforehand on a 0.5 iimol scale and eluted of the 
column. This nucleotide having the biotin-label at the 
3' -terminal was also by the conventional method, 
purified using an OPC cartridge, dried to solid, then 
dissolved in the TE buffer (pH 8.0). This nucleic acid 
fragment has biotin-label introduced at the 3' -terminal 
and suitable not as a primer but as a probe. 

(Example 4) Evaluation of Primer specif icity- 2 
Primers of the present invention were validated 
whether they exhibited specificity capable of detecting 
PHA synthesizing microorganisms. One example will be 
shown below as the one that the partial base sequences 
of the objective PHA synthesizing enzyme genes were 
detected by the PCR method using the primers of the 
present invention as templates of DNAs of the PHA 
synthesizing microorganisms. 

Using objective 6 bacteria in total being the 
known 2 strains; E. coli JM109 and Jl (FERM BP- 5352) 
not having the PHA synthesizing ability and 4 strains; 
P. cichorii YN2 (FERM BP-7375), P. cichorii H45 (FERM 
BP-7374), P. putida P91 (FERM BP-7373) and P. jessenii 
P161 (FERM BP- 7376) having the PHA synthesizing 
ability, their specificity was verified on detection of 
the PHA synthesizing microorganisms. Namely, for each 
of six bacteria, the DNA samples were prepared by each 
different bacterium using the conventional method to 
evaluate the specificity of primers by the PCR method. 
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In the present example, the primers are 9 primers 
prepared in the example 2, specifically the following 7 
forward-primers biotinylated at the 5' -terminal were 
used; 

oligonucleotide biotinylated at the 5' -terminal (SEQ ID 
NO: 10): 

5 • -Biotin-GCCTCGGAAAACACCTTGGGGCT-3 ' 
oligonucleotide biotinylated at the 5 ' -terminal 
(SEQ ID NO: 11) : 

5 ' -Biotin-TGACCGAAGCCATGGCGCCGACC-3 ' 
oligonucleotide biotinylated at the 5 ' -terminal 
(SEQ ID NO: 12) : 

5 ' - B io t in - AGCCTGGCGCGGTTCTGCCTGCGC - 3 ' 
oligonucleotide biotinylated at the 5' -terminal 
(SEQ ID NO: 13) : 

5 ' -Biot in-GGCGAAAACAAGGTCAACGCCCTGACC- 3 ' 
oligonucleotide biotinylated at the 5' -terminal 
(SEQ ID NO: 14) : 

5 ' -Biotin-TGCAGGCCTACCTGAGCTGGCAGAA- 3 * 
oligonucleotide biotinylated at the 5' -terminal 
(SEQ ID NO: 15) : 

5 ' - Bio t in - CC AGT ACGCGCTGAAGAACGGCCTGC - 3 ' 
oligonucleotide biotinylated at the 5" -terminal 
(SEQ ID NO: 16) : 

5 * -Biot in - CTGGACTTCTTC AAGCACAACCCG - 3 ' 
and the following 2 reverse-primers having a 
dinitrophenyl group (DNP) introduced at the 5'- 
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terminal; 

oligonucleotide having DNP introduced at the 5 • - 
terminal (complementary strand of SEQ ID NO: 17): 

5 ' - DNP - CAGCCACCAGGAGTCGGCGTGCTTG- 3 ' 

oligonucleotide having DNP introduced at the 5 * - 
terminal (complementary strand of SEQ ID NO: 18): 

5 ' - DNP - ATGCTCTGGACATGCCCGCTGTTGG- 3 ' 
were used. 

Combination of primers for the PCR is that of 4 
primers in which the reverse -primer having the SEQ ID 
NO: the complementary strand base sequence of 17 is 
combined with 4 forward -primers having the above 
mentioned SEQ ID NOs: the base sequences of 10 to 13, 
and that of 3 primers in which the reverse -primer 
having the SEQ ID NO: the complementary strand base 
sequence of 18 is combined with 3 forward -primers 
having the above mentioned SEQ ID NOs: the base 
sequences of 14 to 16 so that 7 types in total were 
combined. 

The PCR was performed using the commercially 
available enzyme system, the kit of AmpliTaq DNA 
polymerase (Takara Shuzo Co., Ltd.) in the following 
composition of reaction solution and the condition. 

The overall amount of the reaction solution was 
adjusted to 50 ul by adding 1 ul each of the above 
described two primers having concentration of 50 
pmol/pl, 5 pi of the reaction buffer attached to the 
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enzyme, 5 ul of the dNTP-mixed solution attached to the 
enzyme, 10 ng of the DNA sample and further water. One 
unit of AmpliTaq DNA polymerase (Takara Shuzo) was 
added to this solution. 

After the reaction solution was heated at 95° C and 
maintained for 5 min, the reaction condition was set as 
one cycle of being at 95° C for 20 sec, at 55° C for 30 
sec and 72° C for 60 sec. The reaction of 30 cycles was 
performed under the above described condition, then the 
solution was further kept at 72° C for 5 min. After 
completion of the reaction, 2 pi was separately taken 
from 50 ul of the reaction solution, and the agarose 
gel electrophoresis and the ethidium bromide staining 
were performed to detect nucleic acid strands of the 
amplified products. 

As a result, for the known 2 strains; E. coli 
JM109 and Jl (FERM BP-5352) not having the PHA 
synthesizing ability, no amplified products were 
detected at all. On the other hand, only for the PHA 
synthesizing microorganisms , one clear band was 
observed in any 7 types of PHA synthesizing 
microorganisms combined with the above described 
primers for the PCR as each amplified product. Herein, 
for the above described all 4 PHA synthesizing 
microorganisms, the fragment lengths of the PCR 
amplified products obtained from each of 7 types 
combined with the PCR primers correspond each other. 
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which were shown in the following Table 2. In other 
words, since combination of 7 primers in total 
amplified the corresponding partial base sequences to 
each other from the PHA synthesizing enzyme genes 
originated in each of 4 PHA synthesizing 
microorganisms, the PCR-amplif led products had almost 
the same amplified fragment length. From the above 
results, it was confirmed that any of 9 primers used in 
this example showed specificity applicable for 
detection of the PHA synthesizing microorganisms. 
Table 2 



Base Sequence 
of Forward- 
Primer 


Base Sequence of 
Reverse -Primer 


PCR-Amplified 
Fragment Length 


SEQ ID NO: 10 


complementary strand 
Of SEQ ID NO: 17 


about 1.5 kbp 


SEQ ID NO: 11 


complementary strand 
Of SEQ ID NO: 17 


about 1 . 2 kbp 


SEQ ID NO: 12 


complementary strand 
Of SEQ ID NO: 17 


about 0.85 kbp 


SEQ ID NO: 13 


complementary strand 
Of SEQ ID NO: 17 


about 0.6 kbp 


SEQ ID NO: 14 


complementary strand 
of SEQ ID NO: 18 


about 1.2 kbp 


SEQ ID NO: 15 


complementary strand 
of SEQ ID NO: 18 


about 0.75 kbp 


SEQ ID NO: 16 


complementary strand 
of SEQ ID NO: 18 


about 0.2 kbp 



(Example 5) Detection Using Primers of PHA- 
Synthesizing Microorganisms (1) 

As shown in example 4, the partial base sequences 
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of the objective PHA synthesizing enzyme genes could be 
selectively amplified from the chromogenes of the PHA 
synthesizing microorganisms by the PCR method using the 
primers of the present invention to show the possible 
detection of the PHA synthesizing microorganisms. In 
the present example, when detecting the PHA 
synthesizing microorganisms, using primers treated with 
additional modification of the present invention, 
utilizing regions capable of coupling the labeled 
substance and solid phase carrier, and selecting only 
the objective PCR-amplif led products, thereby one 
example attained with highly detectable sensitivity 
will be shown below. 

Similarly in example 4, DNA was prepared from each 
of 6 bacteria. This DNA sample was submitted to the 
PCR using a commercially available enzyme system, 
AmpliTaq DNA polymerase (Takara Shuzo Co., Ltd.) in the 
following composition of reaction solution and the 
reaction condition. 

2 primers prepared in example 2 : 

a biotinylated forward -primer of (SEQ ID NO: 10), 

5 ' -Biotin-GCCTCGGAAAACACCTTGGGGCT-3 * 
and a DNP-modified reverse-primer of (SEQ ID NO: 
complementary strand of 17), 

5 ' - DNP - CAGCCACCAGGAGTCGGCGTGCTTG- 3 ' . 

The overall amount of each reaction solution was 
adjusted to 50 ul by adding 1 ul each of the above 
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described two primers having concentration of 20 
pmol/ul, 5 pi of the reaction buffer attached to the 
enzyme, 2 pi of the dNTP-mixed solution attached to the 
enzyme, 10 pg each of YN2, H45, P91 and P161 strains as 
DNA samples, 10 ng each of other 2 bacteria and further 
water. One unit of AmpliTaq DNA polymerase (Takara 
Shuzo Co., Ltd.) was added to these reaction solutions. 

After the reaction solution was heated at 95" C and 
maintained for 5 min, the reaction condition was set as 
one cycle of being at 95° C for 20 sec, at 55° C for 30 
sec and 72° C for 60 sec. The reaction of 35 cycles was 
performed under the above described condition, then the 
solution was further kept at 72° C for 5 min. After 
completion of the reaction, the reaction mixture was 
submitted to spin column to remove the primer not to be 
reacted. 

To the streptoavidin- fixed microplate, 100 ul of 
Tris-Cl buffer (pH 7.5) containing 0.15M NaCl and 0.05% 
Tween 20 was added beforehand and 10 ul of the above 
mixed solution in which the primer not to be reacted 
was removed was added to this. After allowing to stand 
at a room temperature for 30 min, the microplate was 
washed 3 times with 500 pi of the above Tris-Cl buffer. 
Based on this operation, the PCR-amplif led products are 
fixed on the microplate by biotin originated in 
streptoavidin and the primer fixed on the surface of 
the microplate. 
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The alkaline phosphatase-labeled anti-DNP antibody 
was diluted 2000-fold with the above Tris-Cl buffer and 
100 pi of that was added to the microplate after 
washing. After allowing to stand at a room temperature 
for 30 min, the microplate was washed 3 times with 500 
pi of the above Tris-Cl buffer. Based on this 
operation, the alkaline phosphatase-labeled anti-DNP 
antibody is reacted (coupled) with a dinitrophenyl 
group (DNP) originated in the primer of the PCR- 
amplified products fixed on the surface of the 
microplate . 

Then, 100 pi of the p-nitrophenyl phosphoric acid 
solution dissolved in 1M diethanol amine buffer is 
added onto the microplate in concentration of 4 mg/ml. 
In order to act the labeled enzyme, alkaline 
phosphatase on p-nitrophenyl phosphoric acid of the 
above substrate, using a microplate reader after 
allowing to stand at a room temperature for 30 min, the 
amount of enzymatic reaction products was measured in 
absorbance of 405 nm to be evaluated. 

As a result, only in case of using DNA samples of 
4 strains, YN2, H45, P91 and P161, the significant 
absorption could be observed compared with the 
background. In other words, by enzyme activity 
originated in the labeled enzyme, alkaline phosphatase, 
it was detectable that the objective PCR-amplif ied 
products having both biotin and the nitrophenyl group 
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(DNP) originated in the primers were fixed on the 
microplate . 

On the other hand, other two strains not showing 
the PHA synthesizing ability remained showing 
absorption around the background. Accordingly, as 
confirmed in example 4, the objective PCR-amplif ied 
products have not been obtained. 

From the results of the present example, the 
primer concentration is reduced at 20 pmol/pl compared 
example 4, in addition, in the condition of substantial 
reduction of 10 ng to 10 pg for the amount of DNA 
samples, it is understood that sufficiently detectable 
PCR-amplif ied products are obtained by increasing the 
reaction cycle. Further, the selectivity made higher 
using the primer treated with additional modification 
and utilizing regions capable of coupling the labeled 
substance and solid phase carrier, consequently it was 
confirmed that sufficiently higher detection 
sensitivity was accomplished. 

(Example 6) Detection Using Primers of PHA- 
Synthesizing Microorganisms (2) 

As shown in example 5, when detecting the PHA 
synthesizing microorganisms, using primers of the 
present invention treated with additional modification, 
utilizing regions capable of coupling the labeled 
substance and solid phase carrier, and selecting only 
the objective PCR-amplif ied products, thereby highly 
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detectable sensitivity can be accomplished. As a 
result of the high detection sensitivity in this 
example, it was verified that a detection method for 
the PHA synthesizing microorganisms of the present 
invention was detectable also for the extremely small 
amount of the sample in the high degree of reliability, 
as shown in the following example. 

Similarly in example 4, DNA was prepared from PHA 
synthesizing microorganisms, YN2 , H45, P91 and P161 
strains. This DNA sample was submitted to the PCR 
using a commercially available enzyme system, AmpliTaq 
DNA polymerase (Takara Shuzo Co., Ltd.) in the 
following composition of reaction solution and the 
reaction condition. 

Two primers prepared in example 2 : 
a biotinylated forward- primer of (SEQ ID NO: 10), 

5 ' -Biotin-GCCTCGGAAAACACCTTGGGGCT-3 * 
and a DNP-modified reverse -primer of (SEQ ID NO: 
complementary strand of 17), 

5 * -DNP-CAGCCACCAGGAGTCGGCGTGCTTG-3 * . 
The overall amount of each reaction solution was 
adjusted to 50 ul by adding 1 ul each of the above two 
primers having concentration of 20 pmol/ul, 5 ul of the 
reaction buffer attached to the enzyme, 2 ul of the 
dNTP-mixed solution attached to the enzyme, 10 pg, 1 
pg, 100 fg and 10 fg of YN2, H45, P91 and P161 strains 
as DNA samples, respectively, and further water. For 
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this each strain, one unit of AmpliTaq DNA polymerase 
{Takara Shuzo Co., Ltd.) was added to four reaction 
solutions each selected as the above four standards for 
the amounts of DNA samples. 

After the reaction solution was heated at 95° C and 
maintained for 5 min, the reaction condition was set as 
one cycle of being at 95° C for 20 sec, at 55° C for 30 
sec and 72° C for 60 sec. The reaction of 40 cycles was 
performed under the above described condition, then the 
solution was further kept at 72° C for 5 min. After 
completion of the reaction, the reaction mixture was 
submitted to spin column to remove the primer not to be 
reacted. 

To the streptoavidin- fixed microplate, 100 ul of 
Tris-Cl buffer (pH 7.5) containing 0.15M NaCl and 0.05% 
Tween 20 was added beforehand and 10 ul of the above 
mixed solution in which the primer not to be reacted 
was removed was added to this. After allowing to stand 
at a room temperature for 30 min, the microplate was 
washed 3 times with 500 ul of the above Tris-Cl buffer. 
The PCR-amplif ied products are fixed on the microplate 
by this operation. 

The alkaline phosphatase-labeled anti-DNP antibody 
was diluted 2000-fold with the above Tris-Cl buffer and 
100 ul of that was added to the microplate after 
washing. After allowing to stand at a room temperature 
for 30 min, the microplate was washed 3 times with 500 
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111 of the above Tris-Cl buffer. By this operation, the 
alkaline phosphatase-labeled anti-DNP antibody is 
reacted (coupled) with the PCR- amplified products fixed 
on the microplate. 

Then, 100 ul of the p-nitrophenyl phosphoric acid 
solution dissolved in 1M diethanol amine buffer is 
added onto the microplate in concentration of 4 mg/ml. 
In order to act the labeled enzyme, alkaline 
phosphatase on p-nitrophenyl phosphoric acid of the 
above substrate, using a microplate reader after 
allowing to stand at a room temperature for 30 min, the 
amount of enzymatic reaction products was measured in 
absorbance of 405 nm. 

As a result, for 3 standards of 10 pg, 1 pg and 
100 fg of the DNA sample amounts, the significant 
absorption could be observed comparing with the 
background. On the other hand, for the standard of 10 
fg of the DNA sample amount, the absorption remained 
approximately not judging to be significant, compared 
with the background. The aforementioned results were 
the same as those of any PHA synthesizing 
microorganisms, YN2 , H45, P91 and P161 strains. 

As shown also in this example, the detection 
method for the PHA synthesizing microorganisms of the 
present invention was verified to be detectable for the 
PHA synthesizing microorganisms in the high degree of 
reliability even using an extremely small quantity of a 
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sample . 

(Example 7) Detection Using Probes of PHA- 
Synthesizing Microorganisms (1) 

Probes of the present invention were verified to 
show specificity applicable for detection of the PHA- 
synthesizing microorganisms. As the one example, by 
the dot plot method utilizing probes of the present 
invention, the example for detecting presence of the 
objective PHA synthesizing enzyme genes contained in 
DNAs of the PHA synthesizing microorganism genes will 
be shown as follows. 

Similarly in example 4, DNAs were prepared from 6 
bacteria in total being the known 2 strains; E. coli 
JM109 and Jl (FERM BP- 5352) not having the PHA 
synthesizing ability and 4 strains; P. cichorii YN2 
(FERM BP-7375), P. cichorii H45 (FERM BP-7374), P. 
putida P91 (FERM BP-7373) and P. jessenii P161 (FERM 
BP-7376) having the PHA synthesizing ability. After 
alkaline denaturation of each DNA sample, 1 ug each was 
blotted on nylon membrane (Tropilon-45 , Tropix Inc.) 
using a dot blot apparatus (BRL) . After drying at 80° C 
for 2 hr, the nylon membrane was placed in a vinyl bag 
and 3 ml of prehybridization solution (6xSSC, 5xDenhalt 
solution, 0.5% SDS, 100 ug/ml denatured salmon sperm 
DNA) was added to perform prehybridization at 60* C for 
1 hr. 

After 100 ng of a biotin-labeled oligonucleotide 
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probe : 

5 ' - GGCGAAAACAAGGTCAACGCCCTGACC - Bio t in - 3 ' , 
prepared in example 3 per 3 ml of the above 
prehybridization solution as a hybridization solution 
5 was added to the nylon membrane after thermal 

denaturation , hybridization was performed using 3 ml of 
this solution at 60° C for 2 hr. Thereafter, the nylon 
membrane was taken from the vinyl bag and washed 3 
times with 6xSSC and 0 . 5% SDS solution at 60° C for each 
10 5 min. 

Detection of DNA treated with hybridization of the 
aforementioned biotin- labeled probe was performed 
utilizing the chemoluminescence method by labeled 
enzyme, alkaline phosphatase and AMPPD with alkaline 

15 phosphatase -labeled streptoavidin coupled with biotin 
of the probe, using Southern Light (Tropix Inc.) 
according to the attached protocol. 

As a result , for blotting DNAs originating in PHA 
synthesizing microorganisms, YN2, H45, P91 and P161 

20 strains, the extremely strong positive reaction could 
be observed. On the other hand, for other 2 strains 
not having the PHA synthesizing ability, the positive 
reaction could not be detected. Accordingly, it was 
confirmed that the probes of the present invention used 

25 for the present example showed specificity applicable 
for detection of the PHA synthesizing microorganisms. 
(Example 8) Detection Using Probes of PHA- 
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Synthesizing Microorganisms (2) 

As shown in example 7, the probes of the present 
invention show specificity applicable for detection of 
the PHA synthesizing microorganisms such as YN2 , H45, 
P91 and PI 61 strains, and it was verified that the 
present example could be applied to various 
hybridization methods, as shown in the following 
example . 

6 bacteria in total being the known 2 strains; E. 
coli JM109 and Jl (FERM BP -535 2) not having the PHA 
synthesizing ability and 4 strains; P. cichorii YN2 
(FERM BP-7375), P. cichorii H45 (FERM BP-7374), P. 
putida P91 (FERM BP-7373} and P. jessenii P161 (FERM 
BP-7376) having the PHA synthesizing ability were 
cultured by the conventional method, respectively. The 
cultured bacteria were collected, then after washing 
with 0.1 M sodium phosphate buffer (pH 8.0), using the 
above described buffer, the cell suspensions were 
prepared so as to be set as 2xl0 7 cells /ml for each cell 
count . 

50 ul of 6% formaldehyde solution was added to 50 
pi of the prepared cell suspension to fix the bacteria. 
Then, 30 ul of the fixed cell suspension was dropped 
onto a slide glass coated with 0.1% gelatin and 0.01% 
chrome alum, and dried in air. This slide glass fixed 
with the bacteria sample was soaked in 90% methanol and 
3% formaldehyde solution for 10 min to fix the bacteria 
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again, then washed with pure water. 

The slide glass fixed with the fixed bacteria 
sample performed with the above treatment was soaked in 
10 mM Tris-Cl buffer (pH 8.0) containing 50 mM NaBH 4 at 
5 room temperature for 30 min in a shading state. 

Thereafter, it was washed with pure water and dried in 
air. 

The probe in which FITC (Fluorescein 
isothiocyanate) -labeled streptoavidin was coupled 
10 beforehand with biotin- labeled oligonucleotide probe: 
5 ' -GGCGAAAACAAGGTCAACGCCCTGACC-Biotin-3 ' , 
prepared in example 3, was used. A solution of 30 ul 
in which this FITC-labeled probe in concentration of 5 
ng/ul was added to the hybridization solution (0.1 M 
15 Tris-Cl buffer (pH 8.0), 0.75M NaCl, 5 mM EDTA, 10% 
dextran sulfate, 0.2% BSA (Bovine Serum Albumin) and 
0.01% polyadenylic acid) was dropped onto a slide 
glass. The slide glass was placed in an airtight 
container and the reaction was carried out at 45° C for 
20 1 hr in a shading state. 

After the reaction, the slide glass was washed 
with the SET buffer (Tris-Cl buffer (pH 8.0), 0.2 mM 
EDTA and 30 mM NaCl) and dried in air in a shading 
state. To detect the bacteria hybridized with the 
25 FITC-labeled probe, the presence or absence of 
fluorescence was investigated performing the 
microscopic examination by the epi- illumination type 
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fluorescence microscope of Olympus. Mercury lamp was 
used for an excitation source to be observed, by the B 
excitation. As the results of the microscopic 
examination, the fluorescence was observed in any of 
the PHA synthesizing microorganisms, YN2 , H45, P91 and 
P161 strains. On the other hand, no fluorescence could 
be observed in other two bacteria not having the PHA 
synthesizing ability. 

As shown in the present example, of course, in 
case of using DNA samples prepared from microorganisms 
and also in the other procedure for using intact 
bacteria as a sample, it was confirmed that the probes 
of the present invention had sufficiently specificity 
applicable for detection of the objective PHA 
synthesizing microorganisms. 



